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in scorbutic ariimals (Pex^ev aaxdsL SJf !^ absent 
of normaJ granulation W with thriivlfurn^^^ 

1950) ; (ii) the intenaity of meuXom of^Sf ^^^^ Reggiani, 

tissues varies with altered fiScti^^ JStS ^G^hTfl'S^? connective 
by various mucus-seeretine tumour (Uersh 1951) : (m) mucina elaborated 

(Leimox. Pearse and RkhfrS lellwnd riJ^^^^^ axetaohroma^a 

substance of cartilage variSt — ^^^^^^^ the ground 

of the tissue. fc^r^Tn^^^^^ --Ponents 

blue^rdT^ZJro7s^fcr ^^^^^^^ the^Ue dye toluidine 
were undertaken inveeSIte tL p ^-^^^^^ polysaccharides 
a^d, in particular, to inveslgatelh^^S^^^S^^^^^ 



Derivaiives 0/ dextran. MATERIALS. 



yield a ..rie« of dextram differJiB in^ meanToW^ and Wionacion with acetone 

pOymerization) ae judged by dilcranrea ! ^ ^'"'^'^ therefore in extent of 

in this way three aei^ies 5f derfvat^L wS iJe^-d '^'^^^"^^ -^^^^^ed 



(a) Dextran sulphates.— Bst^rm^ZTJI^^^ . . v 
chlorosulphonic acid in pyridine fSlowe^ treatment of the dextran with 
=alt each ca^e. The K SfXaSl LfSn^-.^^^ *5f ^-Ip^'^te « the eodiuS 
have bcon deacribed previously {l£cS? 1^4' cora^un6s 

(b) Garboxymethyl (Zezfron*,— The dextwir, fLVf-I ' '• 

and sodium hydroxide and the cSoSThvl Sr^nr^^l T''' monoehloraoctftto 

number of oarboxyl groxjps per cluco^^if^ dextrans isolated a« the sodium aalte. Tho 
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(c) Carbaxymtthyl dextran sulphates.— Sodi^ml carboxymethy) dsiitpan waa oonv«rf*J 
to apyrif mo aah by p^gage through a cation exchange resin and ncutraHTSroiT^th 3 f- 
The p,..d.no «alt was isolacod . dry powder and s^WtcdTri tS^S"?^^^^^ 

Heparins. 

=«T,S'/v."°n'^^r^^/"*^;?*'2?" "^ployed : (a) Intemotional Standard heparin kindlv 

supplied by Dr. W- L. M. Perry, Director of the Bureau of Bioloffical f>tAr^^lr^^^^^^^ 
Institute for Medioal Research, London • (6) " Pularin ^llvr2 ^tl 1 ^r!'„5*'*°"*^ 
(c) Heparin (Lederfe) batch no/NPll£l28 The tl^?„./£ ^f^^ ^"O^O. and 
their sodium aaJts ■inj:'H5_i^8. ihe two lo^t compounds were in the form of 

Chondroitin sulphate. 
Hyaluronic acid, 

trnitSf^of IS^h'm.^'"^ ^'''"'^'^ ^ ^' D«P«t-nt of Anatomy 

ilf^i9Ce2Zan60i4j synthetic polysacchaT^de. sulphuric eei&ra. 

Tho foUowing preparations were obtained through the courtesy of the individuals y^^r^^A 

buron )— Dr. L. Berger, Roche Products, Ltd. CJhitin 8ulpha*.e_Dr R xr ptT*^ 
t^R^Ale^r"" ^''^ P^'^'^"^ Char, loriatics om; So^i,^^ 

Table I.— Sources and Properties of BeagenU Used 

Biologieal Specific 

, ^ ^rr'Tt ^^''^^'If- Per cents. ^ffil 

International standard heparin . Qxcissue , 4-33 is. as ^«ao 

Heparin (Evane batch no. N10090) . Bovine lung . I.96 ' Lai ' TiS •» 

^..^^ (Lederle batch nc. NPllS- „ ./ . 1.95 ; J.JJ ; JJ^ij: 



Chondroitin eulphato . Bovine 

cartilage 



5'0 . 2-90 , —32-7' 



Hyaluromc Mid . . Human . 4.3* <,o.05 -26- 7- 

„ . . . . umbilical cord 

Oiitm achate .... Crab shells . 2-81 la- ft <,i - 

Xylan aulphato ("Thrombooid ") . Wood — ' ~rr« ' 

(B:D.H. '*T.S.l4i '•) . „ . _ • J!:!. • -^f 

Alginic acid sulphate (" Poritol '■) . Seaweed . ' _ uo ' ~c??o 

Pectm sulphate ("Treburon"). . Soft fruit . _ {Ih 

• Determination made on eamplo after removal of small amount of insoluble material. 

Toluidint blua. 

ir. Jnr^^J^"'' ^^T'' and Jacksotx (1953) that commercial samples of this dye vary 

m cornposition and m their capacity to give satisfactory metachromaaia in hiatolocioirj^ 
Tolu,d.ne blue (Colour W« no. 925). batch no. 008480. supplied by Hopkin and ^iSj^' 
Lid London wm found to be satiafactorj- for hustological purposes The nltrocercoS 
of this sample, determined by tlie micro-Kieldohl method w«,<; s-at ni^f* ^ content 

s'SowiTtrf r"*'r r^^- '^--^ograpic .:jirTtiX z'Je^irorS'js^rX^n 

showed that the metachromatic activity resided in three fxactiona wliich could be differln 
e^M^' ^" contaminants which. bowed little or no affinity for the ^fdS^^SyJac^SeB 
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(WW Xtt oT;'HS%r«S;^fJL^^^^ « » 0«= per cent 

RESULTS. 

(,/ Solutum, of Acidic Polysaccharide, on Tduidine «w 




01 ' ' ' 

500 550 600 

Mu e-j jrecn jy cll 



gretti 



650 
red 



700 



Wavelength (m^ 



^'^Vj^!|';^Tenl%olLS^5^^5^T^ 0-0025 pe, 

hepaxin. ^ °° ™® aaditwa of varymg conoonfaations of 

— • = toluldlne blue solution tJone. 

~ " solution + 2 us. heparin. 

= J*'}'*^^'' Wue solution + 4 ^g. heparin. 

- . - . - = toluidine blue solution + 8 heparin. 

the dye solution alone shows maximal absorption of the longer wave-length* 
(of orange and red hght) a:tid tranfimission of the shorter Cfe^elSS ?ll 
appearing blue The peak of the absorption curve occurs at O^'aSSS 
heparin the absorption curve alters with increase of heparin c^centiaW^^ 
that succej«vely more intense absorption of yeUow and th?nTgreTn^gL o^^^^ 
The eye therefore sees the complementary colours, purple, and then red 
absorption maxima occur at about 590 m/T and bet^Li^Ssb and fiOmf' 

bunilar changes were found to occur with other acidic pol V8acchaxider(devtra,r. 
sulphate chondroitm su phate) but differences were noted inSSSts of Se 
peaks at 630 m/. (a band). 590 {fi band) and between 560 and 54^^! bandt 
with equal weights (2-8 /«g.) of these compounds. ^ ^ 



230 



K. W. WALTON AND C. R. RIGKETTS 



particlea of the precipitate sediment and the supernatlt sXtL can^f'seen 
can aiQo be demonstrated at low concentrations of ^lAA^A ^r.iA:^ i 
LVpo^tf strr^^ petroleum etir The't'ta^cht^^^^^ 

fS^r R^r**!^ ^* interface leaving the unbound dye in 

dimi^hed ampntude a. compJe^^ith'^ht'p:^^^^^^^ 

oompfe? ' * ^'^'^^^d in the metachromatic 

This is the basis of Macintosh's (1941) method in which a series of mixtiires 

of d^L^Td^i^i r polysaccharide with a constanTconceT^S 

oi dye IS treated m this way. When this method was used and the concentration 
of substrate was plotted against the percent^e of the dye bormrdX^lfopes 




no, 2.—: 



r ^ . . 20" ~2S 

Concentration of acidic polysoccharide (^./ml.) 

■Kelation between the concentration of acidic noWpt/u-e-y^nriA^ ^..^ , 

of b»und ana removed ftom solution by S^^t ett^^^^^ 

were obtained for different acidic polysaccharides (Pig, 2). To faciHtate ori^nfi 
orrenlrin^'"""/'!': metachromatic activity of thefe cLn7p^V^r:S^r 
IT "^^^ ""^"^^f ^ arbitrary standard. From the data plott^ Ts iS 
Fig. 2, th, concentration (.) of the standard heparin relative to that (?) of an^ 
rorr.o'-''"' P,°^ysaccharide giving the same colour change could be obtl^^ 
Comparison of a senes of ratios (sH) obtained from varying percentages of dye 
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greater variation occurred fchPh?JfL ««i /^^ Where 

standard was assigneraTarW^^^^^^ ^^J?'^- The hepaxin 

activity of other compounds was^hZ l^ ^ metachromatic 
from the value of the ^ZZuu T T^'r^^^^ 

X wa^ 1, the metachromatxc a of ?omp^L*^X w ''"'^ 

units). ^vAi.y Qi compound X was expressed as 50 colour 

V^nfZ'^'^Tf^"^''^''' Polysaccharide,. 

the Se'cut cwtS&t^^^^ ^^^^^^^ ^ ---tigate 

de«ran were employeTfo?thr?m^«i?®o -^^^ Berivatives of 

characterized as 4Sd. their Se^ cJ^ ^ince these compounds wer^ 

of their acidic groifps ^ of polymerization and the nature and number 

sulptS'Tva5^^l£^^^^^^^^^ -l>?-t t-nty glucose units was 

series of compouXlarSa J ^'^^^^^ "^'^^'y resulting 

upon the del^erS p^t^eS'^" activity depended solely 

compounds Sght L^^SJ e^^t2 «ylP*^^ted polysaccharide, these 

originated from thrs^me ^ ^ ^''S^** activity since they aU 

th^- did notThow ea3 ZSSl n*'^'"', became evident tl^ 

on the othefhSd t^^^exW '^\*^°f. n«t-chromatio activity! 

(Fig. 3). ' ^® ®^ aulphation. a Imear relation waa found 
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^nirS^ffl'T**' 2— The compoimck used in Exp. 1 were paired with other dextran 
sulphates of approximately equal sulphur content but of widely different deffrees 
of polymemation. The metachromatic activity of these pairs was oompared 
(* ig. 4). It wUl be seen that the compounds with equal sulphur content showed 
equal metachromatic activity regardless of the divergence in molecular size 
between the oompononts of each pair. 
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Fro. 4. — ^Rslation between metaahromatio Mtivity and sulphur content of DAirn f h ♦ 
sulphates of approximately equal sulphur content but of differing decrees nfw^^^ aeietran 
'^O = Dexte«i BulphaUe Containing approximate 20 gS S P°^3^«>*ftfon- 
O - Dextean sulphates of varying moUcular 9ise. ISi* number beside each nnint 
mdicates the approximate number of glucose units in the eompound. 



Experiment 3.— This experiment was undertaken to see whether the relation 
between sulphur content and metachromatic activity found in the previous 
experiments held good over an even wider range of variation of sulphur content 
and molecular size. A range of glucose polymers was investigated which varied 
m sulphur content between 2*15 and 20 per cent and in size from glucose sulphate 
to a dextran sulphate containing approximately 6000 glucose units. Once more 
a Unear relation was obtained between sulphur content and metachromatic 
activity for compounds containing between 6000 and 4 glucose units (see Fii? 6) 
But sulphate esters of the trisaccharide (malto-triose). the disacoharide {majtose) 
and monosacchande (glucose) showed progressively further departure from the 
curve obtained for the higher polymers. 

The whole range of compounds showed some heparin-like anticoagulant activitv 
%n vitro. But compounds containing < 5 glucose units showed only transitory 
anticoagulant activity in vivo, presumably because they were almost immediately 
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Fig. 5.— Relation between metachromfttio custjvity and eulphur content of a ra«»o 
polymow of ^rymg molecular size. The number beside ei^poiSriiSiie»t~?t 
mate nvumber of glucoae units in the oompound ""iieatee tho epprojd. 



Influence of the Nature of the Acidic Radicle. 

Sulphate groups are not the only add radicles responsible for metachroma«ia 
Other workers have shown that polyphosphates (Wiame, 1947 • WfiiR^m««' 
Games, Rubin and Fisher, 1962) and silicate? (Kelley and MiUeri935 m' 
Spencer ajid Getty, 1948 ; Curra«, 1953) ar« also effective, wkocld' W?„c; 
and Dempsey (1947) and Meyer (1947) reported that hylfuroniracid (i^ w£c^ 
carboxyl groups were the only acidic radicles present) was metachromatic in 
high concentrations. Another experiment was undertaken to compare the act viw 
of polycarboxylates and polysulphatea. *^v<^ i<ne acwvity 

Experiment 4.— In this experiment, the metachromatic activity of three 
glycolhc acid ethers of dextran (carboxymethyl dextrans) and of a sample of 
purified hyaluronic acid, was compared with that of the standard heparin The 
toluidine blue solution was used, before, at pH 2-04. and aho in Wb turate 
9 tC! ^ V 1930). It can be seen from Table II that, aHH 

2 04, the carboxylated dextrans showed some p^ctivity but that to obt^ a a 
18 
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absorption band concentrations several hundred times greater than those of the 
corresponding sulphate esters were necessary. 

Table II.— MetaohromaHo Activity of OarboxylaJted Polysaccharides 
■ Oompared uith that of Heparin. 



Compound. 

Carbosymethyl dextran A 

II •» B 

»» *i C 

Hyaluronic aoid 

Standard heparin 



Avorago niimber 
of 

glucose unita. 

1350 
100 
20 
? 



COOH per 
glucose unit. 

0- 79 

1- 0 
11 

? 



Colour value. 



At pH 2 

010 
0-32 
0-33 
0-63 
loo '00 



04. 



At pH 7- 

0-24 
0-68 
0-74 
110 
100-00 



The sample of hyaluronic aoid showed slightly greater metachromatic activity 
than the carboxykted dextrans This sample of hyaluronic acid was found t^ 
be aulphur-free by the method of analysis used, but Sylv6n and Malmsren (1952) 
UBmg a method of analysis for sulphate of great sensitivity demonstrated that 
traces of sulphate-containing polysaccharides (?chondroitin sulphates) are 
common contaimnanta of hyaluronatc preparations, ^ It is possible that sliffht 
contamination of this sort might have accounted for the present findings S vlven 
and Malmgren also showed that with increased purification of hyajSronate and 
decrease of sulphur content, there was a direct relation with decrease in the 
mtensity of metachromaaia. 

At pH 7-3, the metachromatic activity of the polycarboxylates was approxi 
mately double that at pH. 2-04 but was still very considerably leas than that of 
the polysulphates. Once again it appeared that the number of acidic groups 
rather than the extent of polymerization was the factor determining the intensity 
ot metachromaaia- ^ ^ 

investigation of MisceUaneow PolyBaooharidc Sulphuric Eaters. 

The naturally-occurring mucopolysaccharides are not simple hexose or 
pentose polymers but conjugates containing uronic acids and amino-suears 
In order to investigate whether the structure of the parent polydacoharide Sself 
influenced metachromatic activity and to see whether the results obtained with 
the dextran sulphates were appUcable to the sulphuric esters of more complex 
mucopolysaccharides, the following sulphated compounds were investigated • 
(a) Pentosans— two preparations of xylan sulphate ; (6) Naturally-occurrinff 
polyuromc acids— polygalacturonic aoid sulphate and polymannuronic acid 
sulphate ; (c) Synthetic polycarboxylates— sulphate esters of the carboxymethyl 
dextrans used in Exp. 4 ; {d) Naturally-occurring conjugates of hexuronic acid 
and hexosamine— two samples of heparin and a sample of chondroitin sulphate ■ 
(e) A naturally-occurring polymer of gluobaaxnine— chitin sulphate, 

Experimtnt 5.— The sulphur contents of these compounds and their metachro- 
matic activities were estimated by the methods previously employed. The result 
of plotting metachromatic activity against sulphur content was compared with 
the result obtained in Exp. 3 for the dextran sulphates (Fig. 6), The points 
representmg the activity of these very diverse compounds . did not fall exactly 
upon the curve obtained for the dextran sulphates but it seemed clear that a 
similar relation held good. 
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sulpnafceB 



Carboxymethyl de>ctraJ>% ^"'P^* 
sulphate A "^'^ Heparin A 



Heparin B 



• Carboxymebhyl 
dextran sulphate B 



iChondroifcrn/ Carboxymethyl 
40 -sulphate/ de^ctra/sulphateC 

^ 1_L I I |_ I 



20 



V 4 8 l2 iT 

Sulphur content (per cent) 

eulphato ewiee, fgr compai^Mr^^ ^* " ^ pwvtoosly obtained for th^ d^SSm 

TAe i\ro«tt»-c o/ Dye-substmU Interaction 
iy^^'>^t7^^1^;^L^l^\^rSL B^oe-JCtfori «,d Rioter 

Table m.— |^fecf o/ Excels Dextran Sulphate on tht 
Dextraii MexaxJiromaiic Iteadum. 

sulphate 200 100 50 2S 19 t a 

(mg./ml.). 31 1-6 o-8 o-O 

OK„ B... B^^. -4S? 

1 mi. of O 'C ;5 per c^nt toluidine blue at dH ^ddixA ^ . 

in 1 ml. vols, of o '5> per cent KaCl. ^ doubling dilutions of dexifan sulph*ite 

(19X7) noted that toIuidinSelfSrd fro^^^^ "^^^ molecules. Michaelis 
alterations of its absorpWon curvf^^^^^^^^^^ ^^"Z 
alterations were due Z pfoffre^fvrt^^ suggested that these 

obsprvpH +h'»f TxHfi. Tv,^ Progressive poiymensation of the dye molecules 
observed that, with increasing concentration, the dye showed maximal absorption 
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first at 630 m/t (a band), then at 590 m/i {fi band) and then successively betw en 
540 m/t and 520 m/i (y band) and suggested that the a band represented the mono- 
menc form of the dye, the band the dimerio form, and the wide y band succes- 
sively higher dye polymers. The resemblance between these changes in the 
absorption curve with simple increase of concentration and those oceurrine on 
the addition of anionic polyelectrolytes led Michaelia to propound the foUowing 
hypothesis concerning the ineohttnism of metachromasia : that interaction 
occurs between the acidic groups of the substrate 3ind the basic primary amine 
groups of the dye with the formation of ordinary salt linkages. This in itself does 
not necessarily result in metachromasia (fi absorption bands). But when the 
structure of the dye and of the substrate allow the bound molecules to come into 
close proximity, loose association occurs by van der Waal's forces between 
adjacent dye molecules (perhaps by way of interposed water molecules) thus 
bringing about virtual polymerization of the dye. 

If in fact metachromasia were dependent, as suggested by Miohaelis, on 
polymerization of the dye by its aggregation at selected sites upon the substrate. 
It would be expected that this process would be mor© marked with increase of 
polymerization of the substrate. From the present results it seems clear that, 
over a fairly wide range, the degree of polymerization of the polysaccharides 
examined does not influence the intensity of metachromasia. 

The data from the present ejcperiments aHowed calculation of the nature 
of the interaction on a molecular basis. It was assumed that interaction occurred 
between the sulphate radicles of the dextran sulphates and the primary amine 
groups of the dye. The sulphur contents of a random selection of deactran 
sulphates of varying molecular characteristics, and the nitrogen content of the 
dye ssmxpls used, were estimated. It was thus possible to compare the actual 
weight of toltddine blue found experimentally to be bound by a given weight of 
each of the various dextran sulphates with the theoretical weight of dye which 
should be coupled by this weight of dextran sulphate. This calculation was 
performed assuming that one atom of sulphur (in each sulphate group) reacted 
with one nitrogen atom (per amine group) and repeated assuming 2S s 3N, 
S = SN etc. (Table IV). It was found that good agreement occurred between 
the calculated and experimentally determined figures only when the reacting 
groups were assumed to contain one sulphur , atom and three nitrogen atoms 



Table IV. — Comparison of Calculated and Experimentally F<mnd Weights 
of Toluidine Blue Bound by 80 /ig, of Various Deztran Sulphates. 





Detrree of 




Dextran 


polymeri — 




sulphates 


zation 


Sulphur 


serial 


(glucose 


content 


numbers. 


unite). 


{p«r cdnt). 


AO 


20 


9-2 


BB 


20 


11.8 


e;i 


Zrj 


U« 


BD 


20 


U-2 


D 3 


350 




BE 


20 


15 $) 




ao 


17-5 



Toluidins blue bound (/tg ). 



Predioted weight, fiusduzning 

Experimen- 
tally found. 

103 '5 
145-0 
174* 0 

177-5 
1870 

i:)8-7 

203-7 

Calculated values assume interaction in various proportions between sulphur atoms (in sulnhate 
groups of polyaocohftridc) and nitrogen atoms (in amine groups of dye). 



s = 


N. 


2S s 3N. 


S = 3N. 
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83-4 


173-0 


59 


5 


89-3 


1780 


64 


5 


«6-8 


U)3-o 


66 




^9-8 


ll)0-5 


72 


5 


108-8 
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the coHoid WM more JiSlv thL f f '° negatively charged situ of 

Levine and Schubert (1952^ ksT j".™"'""'; of polymolecular dye micelles, 
on data denVed from' .,1^blrilS^r:f t^^^^ 

polyelectrolvtea Drodu<.w mT.T thiaame dyes and various anionic 

1953). by Tc3°ctStric me^^^^^^^^^ '^<*»'^ l*'"^e! 

betweenVbindingrdtt^iS^^^fte^eSS" "^-''^ted 
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toluidine blue (experimentally found) 
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Pie. 8.— Stnicturol formula of toluidine Wue-O (from Conn. 1948), 
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by increased molecular aggregation TnrwrXara^f of the dye accompanied 
only by organic maoromokcufar subat^Js rn^^-^^"'*'^''"^ brought about 
The present findings confirm tLe quoTerea^^^^^^ t^^P^**^ '^cles. 

radicles may also effect metachromiia and^u^Lst tT^S ^^^^^ 
reaction « related to the extent of dissociation o^fT intensity of the 

m Exp. 4 that the intensity of metachromil^r^^^^ It was shown 

feeble relative to that produced by thr^XiS^^^^ 

the carboxylate radicle £ only shgSly <LfoS x^^"'' levd 
lughly dissociated. Increaae^of p§ S 7^ brin^nr^ W .^'^^^^^ '^'"^^^ i« 
fl' g'ouP. reeulted^n inciie of £eLc?°''* ^^-'^^f dissociation of 

evel the degree of dissociation of the c^^jtSr^tr'^^'^' tbis 
that of the sidphate group, accountinr/or dffflr^ i« considerably less than 

Prom these experiments it woSd fnniJ tlS^^ !^ observed, 
fonnation of the Wt linkage beSlteTdye td L^^^l'""^? ^^^"^^ '^^<'* *be 
ajad even certain organic sulphonates^uoh n^l .^organic sulphates 

though they undoubtedly bid to^SZe Wue fct (" I^ouSid 

Macintosh, 1941). It iUma. thSe thS 1^1 ^^^^^J-^^ ^ ^''^^^^ 
18 not enough to produce meta^or^a S^i! the dye 

influence thia coW change (alteSrof ^UT^"^^ ^^''^^^ to 
concentration or of the dielectric co JJ?rt) electrolyte or colloid 

aolubihty and state of aggregation of hvdroSih> .^T^^^^ ^ «^e°t the 

With simple inorgaiinSts 5 SSbmtv i?,?" (G Wone, 1 947). 
no colour change is observed But^V • - ^' although dye-binding occurs 

threshold Ac^^T:t\^^:i%^^z^ -ss 

conaista of 4 or more gluooflc-units) the d^^,?2^®"' ^^V^ compound 
properties of a hydrophL colloTlnd aLtSti^^^^ 'TS'^ 

oTt^e d;:^rei?^-^- - seen^sx^ i^iSern-::::^!^^^^^^^ 

aij^S^f ^^^^^ - 

foUows: thermal agitation of the molcculeLf^.^ ^^ ^^^^^ ^® explained as 

ment of the water oYhydrat?on of Z mdecu^^^^^^ displace- 

pf the solution (ajteration of the diS^cTric coni^^^^^ conducte^ce 

increase of electrolyte concentration would ^^hlKfJ ^ the addition of alcohol or 

mfluencing the dissociation of ?he ^n^^^y ^ctiL 

ference with the weak intermolecXXU cau^L^-^^^^^^ 

molecules. On the other hand, the inhibition ofTif* if^^^*'**.*'''" °^ ^V^^ 

excess of substrate (Table II) wo^AheA^^,^ metachroma^ia by considerable 

of the substrate for dye molecuJes ^ a re, 1^^^*'^°'' molecules 

molecules binding dye would be La^v nut^^^^ substrate 

substrate. AggreVtfon oflbstLTmofectJnffi f ""^^l^ 

by colour change. iiioiecuies would thus not be accompanied 

In panio«,a, no account ha. been X ^alf^r^r^^'-P^i 
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conjugated with mucopolysaccharide, though it may be assnm^rf t»,o* i. 
protem-polysaccharide association is U8uaUv?r^ipT,rin thf ♦ r^^^* ^^'^^ 

circumstances the optimal pH of dve-hinHivf* K,r ^ masiced. in these 

be detepminftH » i '^y^ DV^amg by the muoopolysaochaxide mav 

dw P"^*^ '^flee** *he competition bet^SS 

invSw^f^Ult'that ^ conjunction ^tii those of the present 

SS^«tin^''^of ^i^'^S °f S'^^PS fey protein ; or 

(m) Disruption of the molecular structure of the aciiic noIvskcSarirIa 
but x>arf • ^STB^^^ion to diffusible fractions ; ^^^^"^^^^^ 

but «o« partial depolymenzation of the polysaccharide. 

may mS^T^'^* metachromada occurring under similar conditions 

SSStin'^i ^'^^^^ ^""^ their unblocking by 

h,it dissociation of a protem-mucopolyBaccharide complex : ® ^ 

but «o«mcrease of polymerization of the polysaccharide ^ ' 



STTIOIASY 



The deteimmanta of the mtensity of metachromasia have been investiirataH 

die™S? interaction betw^n tcSSnTSir^Sd 

d^erent series of acidic polysaccharides. The latter compounds viied Lm« 

19S3 W^a^e 0hL7vr^i Q^ '^' ^5'*' of Medicine on October 20, 

we are obliged to the Society for permissioD to publish the present 
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aad to M,. J. H«,ewo„a A prT^STth^ttZs"''^'^^^ 
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